^^IPROVED MID-WHEEL DRIVE WHEEL^^R 

This invention relates generally to wheelchairs, and in particular to an improved 
mid-wheel drive wheelchair which incorporates a novel suspension structure. 

Wheelchairs have in the past been designed with various types of suspensions for the 
purpose of improving passenger comfort and ride during travel over uneven 
surfaces- While there has been emphasis on the design of the actual seating 
arrangement for improving passenger comfort and ride, very little attention has been 
given to the suspension system for the wheelchair, nor its manoeuvrability in 
confined areas. 



One of the problems for occupants of wheelchairs is the severe shock vibrations that 
are transmitted from the wheels of the wheelchair through its frame to the seat when 
the wheelchair travels across uneven terrain thereby causing discomfort to the 
wheelchair occupant. In some cases, riding the wheelchair over such terrain can be 
quite dangerous and often results in the wheelchair toppling over. 

Several attempts have been made to improve the suspension of wheelchairs, and one 
example of this is to independently spring each of the rear wheels to the underframe 
of the wheelchair. Another example employs independent shock absorber 
suspensions for the rear wheels as well as the pair of front wheels. In this regard, 
reference is made to US Patent Specification Nos 5540297, 3917312, 4861056 and 
4455031. In each case it will be noted that the wheelchair is restricted to a pair of rear 
drive wheels and a pair of front castor wheels. 

In recent times, wheelchairs have been designed with a mid-wheel drive 
configuration which employs a pair of rear wheels, a pair of intermediate drive 
wheels, and a pair of anti-tipping front wheels which are normally held clear of the 
ground, for the purpose of improving the chair's turning ability and 
manoeuvrability. Common to mid-wheel drive chairs is a "teeter-totter" motion 
which occurs when the wheelchair rocks forward over the drive wheels. This motion 
will normally occur when the vehicle is going down inclines, stopping, or slowing. 
Any unsafe forward tilting or tipping movement of the chair is avoided by virtue of 

1 



the front anti-tipper wheels which ensure that the chair does not topple. It is also 
known for the anti-tipper wheels to be located at the rear of the base frame of the 
wheelchair (rather than at the front thereof), with the pair of front castor wheels 
being mounted to remain in permanent contact with the ground. An example of this 
is shown in US Patent 5540297. 

It has now been found that considerable improvement in wheelchair ride and 
comfort as well as wheelchair manoeuvrability, can be achieved by employing a 
wheelchair having a mid-wheel drive configuration in association with a pair of front 
castor wheels and a pair of rear castor wheels which remain in constant contact with 
the ground, and wherein the front and mid-drive wheel on each side of the chair 
frame are independently sprung with respect to the base frame of the wheelchair. 

It is the main object of the present invention therefore to provide a mid- wheel drive 
wheelchair which has a novel underframe which includes three sets of ground 
engaging wheels and which incorporates a Very simple and inexpensive suspension 
arrangement for improving rider comfort, stability and manoeuvrability of the 
wheelchair. 

It is another object of the present invention to provide a mid-wheel drive wheelchair 
which has improved driving wheel traction properties. 

Broadly according to this invention therefore, a mid-wheel drive wheelchair 
comprises: 

a central base frame, 

a seat or chair frame attachable to the base frame, 

a pair of leading pivot arms pivotally supported on opposite sides of said base frame 
for independent pivotal movement relative to the base frame about a common 
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transverse pivot axis, each said pivot arm extending f orwardly of the front end of the 
base frame, 

a mid-drive wheel mounted for rotation on each of said pivot arms adjacent its 
trailing end, with the axle of each drive wheel being located a short distance 
rearwardly of the pivot axis of the pivot arms, 

a pair of ground-engaging front castor wheels respectively mounted at the leading 
ends of said pivot arms, 

spring means respectively acting between each said side pivot arm and an adjacent 
side portion of the base frame, said spring means, in use, being arranged to resist 
pivotal movement of its associated said pivot arm and to allow the base frame to tilt 
under spring pressure with respect to the pivot arms, and 

a pair of ground engaging rear castor wheels preferably located on opposite sides of 
the base frame and spaced rearwardly therefrom, said rear castor wheels being 
movably supported with respect to the base frame. 

Desirably the rear castor wheels are respectively rotatably mounted at opposite ends 
of a rigid transverse support arm which extends across the width of the wheelchair 
and is pivotaily connected to the rear end of the base frame, centrally thereof, for 
rotation about a central longitudinal axis. 

Preferably each of the mid-drive wheels is coupled to an electric drive motor so that 
the wheelchair can be power driven. 

Preferably each said spring means comprises a pair of coil compression springs 
respectively located fore and aft of the pivot axis of their associated pivot arm. 

In a preferred embodiment of the invention, the chair or seat frame is releasably 
attached to said base frame by releasable spring-loaded locking means. 
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Preferably the distance between the pivot axis and the axis of each of the drive wheel 
axles is small relative to the length of the pivot arm, so as to provide a mechanical 
advantage for each of the pivot arms when the front castor wheel is vertically 
displaced, eg when travelling over uneven terrain. This in turn also minimises 
vertical displacement of the base frame and thereby improves rider comfort over 
uneven terrain. 

Preferably the chair or seat of the wheelchair is attached to the base frame in a 
manner so that substantially the whole weight of the wheelchair rider is distributed 
over the mid-drive wheels, so as to provide better traction for the drive wheels, and 
avoid undesirable loading of the front castors. With conventional rear wheel drive 
wheelchairs, the weight distribution tends to be too far back and the chair can 
become unstable, eg by tipping backwards. 

In order to more fully explain the present invention, an embodiment is described 
hereunder in some further detail with reference to the accompanying drawings 
wherein: 

Fig 1 is a front perspective view of the underframe of a mid-wheel drive wheelchair 
designed in accordance a preferred embodiment of the present invention- 
Fig 2 is a plan view of the underframe assembly shown in Fig 1 (and which also 
shows part of the seat frame shown in Fig 3); 

Fig 3 is a side elevational view of the underframe assembly shown in Fig 2 and which 
shows the wheelchair seat and seat frame fitted thereto; while 

Fig 4 is a fragmentary partly sectioned, elevational view of the spring mount for each 
leading pivot arm. 



Referring to the drawings, a mid-wheel drive wheelchair 10 includes an 
approximately central base frame or underframe 11 of rectangular shape, a seat 
frame 12 removably attached to the base frame 11, a pair of laterally spaced leading 
pivot arms 13, 14 each pivotally attached to a respective side frame member 15, 16 of 
the base frame 11 for pivotal movement about a common transverse pivot axis 17, a 
pair of ground engaging mid-drive wheels 19, 20 each rotatably mounted adjacent 
the trailing end of a respective side pivot arm 13, 14, a pair of ground engaging front 
castor wheels 21, 22 rotatably mounted at the leading ends of the pivot arms 13, 14, 
and a pair of ground engaging rear castor wheels 23, 24 which are rotatably mounted 
at the opposite ends of a rigid transverse support arm 25 which itself is pivotally 
mounted to the rear of the base frame 11 centrally thereof, for pivotal movement 
about a central longitudinal axis 26. 

As shown in Fig 2, each of the side pivot arms 13, 14 is spring-mounted in relation to 
the base frame 11 by means of pairs of coil springs 28, 29 respectively, there being ' 
one spring on each side of the pivot axis 17, whereby any pivotal movement of the 
arms 13, 14 is cushioned by the coil springs and in turn provides a cushioning effect 
for the base frame when the wheelchair 10 travels over uneven terrain. The 
arrangement of the leading pivot arms 13, 14 and the coil springs 28, 29 forms an 
independent suspension for each of the front castor wheels 21, 22 and permits the 
wheels 21, 22 to travel up and down independently of the other, and furthermore 
allows forward tilt movement of the base frame 11 about pivot axis 17 relative to the 
arms 13, 14 by virtue of there being no mechanical connection between the forward 
ends of the base frame 11 and the arms 13, 14. 

In this embodiment, each one of each pair of coil springs 28, 29 is loosely located in a 
tubular sleeve 30 welded to a base plate 31 which is f ixed to an inner side of the arm 
13, 14 and projects inwardly thereof (refer Fig 4). The upper end of the coil spring 
abuts against an angle plate 32 welded to a respective side frame member 15, 16 of 
the base frame 11. In this embodiment, the fore and aft coil springs of each pair are 
approximately equally spaced from the pivot axis 17 (although this is not essential). 
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As also shown in Fig 2, each of the mid-drive wheels 19, 20 is rotatably mounted on 
an axle 34, 35 respectively which itself is journalled for rotation in a bearing carried 
by the arm 13, 14, with the common axis 36 of the axles 34, 35 being spaced a short 
distance rearwardly of the pivot axis 17 so as to provide a mechanical advantage for 
the arms 13, 14 when they undergo pivotal movement. 

It is a feature of the present invention that the front castor wheels 21, 22, the mid- 
drive wheels 19, 20 and the rear castor wheels 23, 24 remain substantially in constant 
contact with the ground regardless of its unevenness, with the sets of front and rear 
castor wheels 21, 22 and 23, 24 providing vastly increased stability and balance for 
the wheelchair and its occupant particularly when the wheelchair is travelling over a 
steep incline or decline. It will also be appreciated that in the event of either one of 
the front castor wheels undergoing vertical movement, eg by running over an 
obstruction, the upward pivotal movement of the pivot arm 13, 14 will result in 
increased traction for the drive wheel 19, 20, with the base frame 11 undergoing very 
little displacement. The front and rear castor wheels also greatly increase the sterility 
and manoeuvrability of the wheelchair 10, particularly in confined spaces. 

As shown in Fig 3, the seat frame 12 is releasably secured to the base frame 11 by 
means of an angle latch bar 40 which interlocks with the front cross-bar 41 of the base 
frame 11 which extends across the width thereof. The rear bottom end of the seat 
frame 12 is held in place by means of a pair of spring-loaded latch members 42 which 
mockingly engage with the rear ends of bottom rails 43, 44 of the seat frame 12, and 
which locate directly on top of the side frame members 15, 16 of the base frame 11. 
The latches 42 are retracted by means of a pull-cord 45 to a release position to enable 
the seat frame 12 to be detached from the base frame 11. 

The seat frame 12 is supported above the base frame 11 by means of transversely 
spaced apart pairs of uprights 47 which extend between the bottom rails 43, 44 and 
the underside of the seat base 48. As shown in Fig 3, the seat frame 12 and its seat 48 
are located almost directly above the axles 34, 35 of the mid-drive wheels 19, 20. As a 
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result, almost all of the weight of the wheelchair occupant is distributed over the 
drive wheels 19, 20 which affords better stability and traction. 

Desirably, each of the drive wheels 19, 20 is driven by an electric motor 51 mounted 
by means of a motor mounting plate 50 fixed to and depending from the pivot arm 
13, 14 adjacent its trailing end. In accordance with known art, each of the drive 
motors is coupled to a gearbox which can be engaged and disengaged by a control 
lever mounted on the seat frame 12. With the gearbox disengaged, the drive wheels 
can be manually driven or the wheelchair pushed by an assistant from behind. Due 
to the improved weight distribution afforded by the positioning of the seat frame 12 
directly above the drive wheels 19, 20, the wheelchair can be easily pushed with very 
little manual effort required. 

Also in accordance with known art, the base frame 11 is provided with a cradle 52 for 
locating and storing batteries for powering the electric motors. 

A brief consideration of the above-described embodiment will indicate that the 
invention provides for a very simple and relatively inexpensive construction for an 
underframe of a mid-wheel drive wheelchair, one which provides vastly improved 
ride characteristics, stability, manoeuvrability, and steerability for a wheelchair, and 
which avoids the use of anti-tip stabilising wheels. By having three pairs of wheels 
remaining in constant contact with the ground, regardless of its unevenness, the 
stability and balance of the chair is significantly improved, particularly when 
travelling down or up sharp inclines, or in the event of the wheelchair coming to a 
sudden stop. 



7 




